BACKGROUND: Adults hospitalized with community-acquired pneumonia (CAP) are at high risk for short-term mortality. However, it is unclear whether improvements in in-hospital pneumonia care could substantially lower this risk. We extensively reviewed all in-hospital deaths in a large prospective CAP study to assess the cause of each death and assess the extent of potentially preventable mortality.
As a frequent cause of hospitalization and mortality, community-acquired pneumonia (CAP) has received significant attention from physicians, researchers, payers, and regulators. [1] [2] [3] [4] [5] [6] [7] Understanding the circumstances in which patients with CAP die could facilitate improvements in the treatment of CAP by enabling future improvement efforts to focus on common preventable causes of death.
However, it is unclear whether improvements in in-hospital pneumonia care delivered to patients after they have received a diagnosis of CAP and been hospitalized could substantially reduce mortality in hospitals in the United States. Prior studies suggest that one-half of deaths among patients hospitalized with pneumonia are caused by nonpneumonia illnesses, and mortality is strongly associated with preexisting comorbid illnesses [8] [9] [10] [11] [12] [13] [14] [15] ; hence, many of these deaths may not be preventable with improved adherence to current standards for acute pneumonia care. These prior studies were limited by small sample sizes, specific geographic regions, and retrospective designs. [8] [9] [10] [11] [12] [13] [14] [15] Therefore, to further understand why patients admitted with CAP die in the hospital, we evaluated all in-hospital deaths in a large, populationbased, prospective study of CAP in the United States to determine the cause of each death and the extent of preventable mortality.
Methods
This analysis was a secondary analysis of the Etiology of Pneumonia in the Community (EPIC) study funded by the Centers for Disease Control and Prevention. 16 Adults hospitalized with CAP between January 2010 and June 2012 were enrolled at five tertiary-care hospitals, including three in Chicago (John H. Stroger, Jr. Hospital of Cook County, Northwestern Memorial Hospital, Rush University Medical Center) and two in Nashville (University of Tennessee Health Science Center-Saint Thomas Health, Vanderbilt University Medical Center). Institutional review board (IRB) approval was obtained at each site. IRB protocol numbers were as follows: Cook County, #09-163; Northwestern, #STU00019685; Rush, #09102105; Sterling IRB for Saint Thomas Health, #3476-001; and Vanderbilt, #091422. Written informed consent for study participation was obtained from each patient or an authorized representative.
Patient inclusion and exclusion criteria for the EPIC study have been described previously. 16 Major inclusion criteria included clinical features of acute respiratory infection on hospital presentation, a chest radiograph or CT scan consistent with pneumonia, and hospital admission. Major exclusion criteria included recent hospitalization (< 28 days for immunocompetent patients and < 90 days for immunosuppressed patients), tracheotomy, gastric tube, cystic fibrosis, cancer with neutropenia, solid organ or stem cell transplantation in the prior 90 days, active graft-vs-host disease, bronchiolitis obliterans, and HIV infection with a CD4 cell count < 200/mm 3 . The EPIC study had no interventional component. Additional blood, urine, and respiratory specimens were collected to perform microbiologic diagnostic testing for research purposes; these results were not available to treating physicians. All patient treatment decisions were at the discretion of the treating physicians.
Using the EPIC study data set, we first assessed the clinical characteristics of patients who died in the hospital, and compared them with those of patients who survived to hospital discharge. For these comparisons, the following comorbidities were considered severe chronic comorbidities based on their association with increased mortality and ICU admission in previously developed CAP severity scores 17, 18 : chronic heart failure, COPD, coronary artery disease, chronic kidney disease, chronic liver disease, cerebrovascular disease, cancer (not including skin cancer), and diabetes mellitus.
The rank-sum test and c 2 test were used for comparisons of continuous and dichotomous data, respectively.
In addition, the medical record and EPIC study database of each patient who died during the index CAP hospitalization were reviewed by a panel of five physician investigators at each study city with subspecialty expertise in pulmonary, critical care, infectious disease, and emergency medicine. Cause of death was assigned by the review panel according to criteria developed a priori on the basis of previously published trials. 8, 19, 20 Each panelist reviewed cases with a standardized case report form that included these criteria (e-Appendix 1).
The following causes of death were considered directly related to CAP: septic shock, respiratory failure, multisystem organ failure, cardiopulmonary arrest prior to stabilization of CAP, and endocarditis (e-Appendix 1). The following causes of death were considered indirectly related to CAP: acute cardiovascular disease, stroke, acute renal failure, and secondary infections that developed after hospitalization. Causes of death indirectly related to CAP were further classified as CAP having a major or minor contribution to death. A major contribution indicated death would likely not have occurred without pneumonia, for example, a patient admitted with CAP who developed a myocardial infarction during the acute inflammatory phase of pneumonia and subsequently died of cardiac ischemia. A minor contribution indicated CAP was the primary reason for initial hospitalization but death was due to a cardiovascular, renal, or infectious event not immediately related to pneumonia, for example, a patient admitted with CAP who had a urinary catheter placed and then subsequently developed a catheter-associated urinary tract infection and died of urosepsis. Other causes of death, such as cancer, cirrhosis, and chronic neurologic conditions, were considered unrelated to CAP (e-Appendix 1).
Patient medical records were also systematically examined to determine whether treatment was consistent with current recommendations in quality-of-care metrics, including antibiotics consistent with the guidelines published by the Infectious Diseases Society of America (IDSA) and American Thoracic Society (ATS), 21 antibiotics delivered within 6 h of presentation in the absence of shock and within 1 h in the presence of shock, and assessment of oxygenation by pulse oximetry or arterial blood gas analysis.
End-of-life limitations in care were also gathered by medical records review. An end-of-life limitation in care was defined as decisions by the patient and/or family to forego full medical treatment; this included do-not-resuscitate (DNR) orders, do-not-intubate (DNI) orders, as well as decisions to forego ICU admission or transfer, invasive procedures, or antibiotics.
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After each panelist performed his/her reviews, all five panelists at each site participated in an in-person meeting to attribute the cause of death and identify potential lapses in quality of care for each case. Cases were discussed with the entire medical record available for review until a consensus of at least four of five panelists was reached.
Results
During the EPIC study, 3,634 eligible adults were identified, 2,488 (68%) were enrolled, and 2,320 (93% of enrolled) were confirmed to have radiographically confirmed CAP. Among all 2,320 adults in the final study population, 52 (2.2%) died during the CAP hospitalization. Among the 832 included patients $ 65 years old, 33 (4.0%) died during the hospitalization. Compared with patients who survived to hospital discharge, those who died were older and had more chronic comorbidities (Table 1) . Among the 52 patients who died, 15 (28.9%) were between 65 and 79 years old, and 18 (34.6%) were $ 80 years old; 14 (26.9%) had two severe comorbidities, and 18 (34.6%) had $ three severe comorbidities. Most deaths (80.8%) occurred in patients with high-risk pneumonia severity index (PSI) scores (risk classes IV and V), but 10 deaths (19.2%) occurred in patients with low-to-moderate PSI scores (risk classes I-III).
Among the 52 deaths, hypoxemic respiratory failure (25.0%) and septic shock (23.1%) were the most common causes of death ( Table 2 ). The physician review panel classified 27 deaths (51.9%) to be directly from CAP, 10 (19.2%) with CAP having an indirect role with major contribution, nine (17.3%) with CAP having an indirect role with minor contribution, and six (11.5%) with CAP having no role in death (Table 3) . DNR orders were present at the time of death for 21 patients (40.4%), including 10 with DNR orders entered before admission, eight after admission but more than 48 h prior to death, and three within 48 h of death. Most of the in-hospital deaths occurred early in the hospitalization, with 35 (67.3%) occurring within the first 10 days of admission, but five deaths (9.6%) occurred after 30 days in the hospital (Fig 1) .
Of the 52 patients who died in-hospital, 45 (86.5%) were admitted to an ICU, with 37 dying in the ICU and eight dying on the ward after transfer out of the ICU; all eight patients who died after transfer out of the ICU had endof-life limitations of care in place. All seven patients not treated at all in an ICU and who died also had end-oflife limitations of care in place.
Among the 52 patients who died in-hospital, the physician review panel identified nine (17.3%) who had a lapse in quality of in-hospital CAP care (Table 4) . Five of these nine deaths were judged as unrelated to the lapse in quality of care (Fig 2) . Three of these five patients received antipneumococcal antibiotics but did not receive empiric antibiotics for atypical pathogens; none had an atypical pathogen identified by study protocol testing, and the review panel judged that these deaths were likely unrelated to the lack of atypical coverage. The other two patients had at least a 6-h delay between hospital presentation and the first dose of antibiotics in the absence of shock; both of these patients were receiving palliative care at the time of hospital presentation for conditions unrelated to pneumonia (stroke and advance chronic heart failure) and died of their underlying chronic comorbidity.
Among the nine patients with in-hospital death and a lapse in quality of in-hospital CAP care, the review panel identified four in whom a lapse could potentially have contributed to death (Fig 2) . This included two patients with end-of-life limitations of care who presented with shock and had a delay to antibiotics greater than 1 h; both of these patients had metastatic cancer and decisions were made not to pursue ICU care at the time of admission. Thus, only two patients undergoing full medical treatment without end-of-life limitations of care had an identified lapse in quality of in-hospital pneumonia care potentially contributing to in-hospital death, including one with a delay in antibiotics for more than 1 h in the presence of shock and one with initial antibiotics not consistent with IDSA/ATS guidelines. In the first patient, pneumonia and shock were promptly identified, but IV access was delayed approximately 4 h from hospital presentation because of difficulties establishing a peripheral IV line, and antibiotics were not administered until a peripherally inserted central catheter was placed. In the second patient, the clinical team initially thought the patient had an intraabdominal source of infection and ciprofloxacin was the only antibiotic administered in the first 24 h of care; a chest radiograph at admission did not demonstrate signs of pneumonia, but a CT scan the next day was consistent with pneumonia.
Discussion
In a comprehensive review of all 52 in-hospital deaths in a prospective multicenter study of 2,320 adults hospitalized with CAP in five tertiary-care medical centers in the United States, we identified only two patients with a lapse in in-hospital pneumonia care potentially contributing to death. Consistent with other published reports, 8, 22 we found that most in-hospital deaths among adult patients admitted with CAP in this study would not have been preventable with higher quality in-hospital pneumonia care. Many of the inhospital deaths among patients admitted with CAP occurred in older patients with severe comorbidities and end-of-life limitations in care. chestjournal.org
The influence of end-of-life limitations on care short of full palliation is an important finding in our study, with all patients who died outside the ICU having end-of-life limitations in care. Current Diagnosis-Related Group (DRG) and International Classification of Diseases (ICD) coding systems do not have the necessary nuances to capture these limitations of care, yet they are clearly important factors in determining whether patients experience in-hospital death. In many of these cases with limitations of care in place, the goal is not to prevent death, but to provide compassionate end-of-life care without subjecting patients to unwanted critical care. Although comparisons of mortality among different institutions and health care systems are commonly performed, 23, 24 our study suggests that such comparisons are likely to be misleading if end-of-life limitations of care and preventability of death are not considered.
It was also notable that most (86.5%) of the patients who died in our study were admitted to an ICU, in contrast to European studies where most patients died without ICU care. 25, 26 This discrepancy likely reflects cultural differences between the United States and Europe in the role of intensive care for patients with advanced age and/ or advanced comorbid conditions, with patients in Europe being less likely to be admitted to an ICU during the final stages of fatal, chronic illnesses. 27 Compared with earlier published data on the cause of death among patients admitted with pneumonia, 8 we more frequently classified pneumonia as a direct or major contributor to death (71.2%). For example, using the Pneumonia Patient Outcomes Research Team (PORT) cohort from the 1990s, Mortensen et al 8 reported that 53% of deaths were pneumonia-related among patients who died within 90 days of receiving a CAP diagnosis. A higher proportion of deaths in our study were judged as pneumonia-related, which likely reflects the shorter follow-up interval in our study (inhospital vs 90 days) and an expanding view of how acute pneumonia can lead to cardiovascular complications due to systemic inflammation. 28 The published literature, including this study, evaluating the association between the quality of in-hospital pneumonia care and mortality may be subject to publication bias. Hospitals with frequent lapses in the quality of pneumonia care may be less likely to publish mortality data. The five hospitals that participated in this study were all academic, urban US hospitals with extensive training programs and physician investigators specifically dedicated to studying CAP and providing high-quality pneumonia care. 16 The low mortality rate Nosocomial sepsis (other than pneumonia) 1 (1.9) and high compliance with pneumonia guidelines in this study may reflect specific expertise at these hospitals. The study's findings may not be generalizable to other settings, such as other hospitals, other countries, or settings with higher CAP mortality rates. Additional research into pneumonia care and mortality in diverse settings is needed.
Our study also has additional limitations. In our review for deaths related to lapses in quality of in-hospital care, we did not consider new interventions that have not gathered enough supporting evidence to be adopted into pneumonia guidelines, such as antiplatelet therapy to prevent cardiovascular complications, corticosteroids as adjunctive therapy, and early mobilization. 1 The 2.2% mortality rate in our study is low compared with some other studies and with mortality estimates outside of prospective studies. 29, 30 A requirement for informed consent for participation in our prospective study may have led to nonenrollment of some patients at high risk of death. Finally, determining which deaths may have been preventable can be subjective. To minimize this concern, we used a standardized case report form for records review, a multidisciplinary panel of five experienced physicians to review cases together, and adjudicated cases by consensus.
In summary, in our study of CAP at five US hospitals with expertise in pneumonia care and a relatively low mortality rate, we found that most in-hospital deaths were likely not preventable with current medical therapy Death classified as potentially related to lapse in quality of in-hospital CAP care n = 4 (0.2%)
Lapse in quality of in-hospital CAP care identified n = 9 (0.4%)
Adults hospitalized with CAP enrolled in EPIC study n = 2,320
In-hospital death n = 52 (2.2%)
Lapse in quality of care potentially contributing to death in patients undergoing full medical care with no end-of-life limitations of care n = 2 (0.1%) Death classified as unrelated to lapse in quality of in-hospital CAP care n = 5
End-of-life limitations in care preexisting CAP hospitalization n = 2
No lapse in quality of in-hospital CAP care identified n = 43
Survived to hospital discharge n = 2,268 Figure 2 -Flow diagram outlining in-hospital deaths and lapses in quality of in-hospital care for adults hospitalized with community-acquired pneumonia. CAP ¼ community-acquired pneumonia; EPIC ¼ Etiology of Pneumonia in the Community study.
chestjournal.org after admission. Preexisting end-of-life limitations in care, advanced age, and a high comorbidity burden were common in patients who died in our study. To more fully understand how and why patients with CAP die, we suggest future studies in diverse settings that carefully note whether death was due to pneumonia or other causes, whether care delivered was consistent with international guidelines, the presence and severity of comorbidities, and whether end-of-life limitations of care were in place at the time of CAP admission.
